Introduction
The results of numerous epidemiological studies revealed that hypertension frequently coexist with obesity. The pathophysiological links between obesity and hypertension include dysregulation of adipokines release, systemic microinflammation, insulin resistance, endothelial dysfunction, increases activity of sympathetic nervous system and reninangiotensin-aldosterone (RAA) system, impaired secretion of natriuretic peptides and obesity related glomerulopathy development [1] .
Increased visceral fat accumulation is associated with suppression of adiponectin and omentin secretion but stimulation of numerous adipokines and cytokines release, including: leptin, resistin, visfatin, tumor necrosis factor α (TNF-α), interleukin-6 (IL-6), retinol binding protein 4 (RBP4) [2] . This dysregulation in obese results in development of systemic microinflammation, insulin resistance and endothelial dysfunction with decreased NO synthesis [3] .
Previously published studies revealed decreased circulating levels of adiponectin but increased levels of leptin and visfatin in hypertensive subjects [4, 5] . The role of low adiponectin and increased leptin levels in the development of hypertension has already been established, including impaired vasorelaxation, increased adhesion molecules production, migration and proliferation of vascular smooth muscle cells as well as activation of macrophages and lymphocytes [5, 6] . While, the role of visfatin in the pathogenesis of hypertension remains unknown. It is suggested that visfatin may cause endothelial dysfunction and favor atherosclerosis development by stimulation of TNF-α release [7] and deterioration of insulin resistance. It has also been shown that pharmacological blockade of RAA system influences visfatin release. However, the results of clinical studies are contradictory. Storka et al [8] observed that both ACE-Is and ARBs in diabetic patients increase circulating visfatin levels. Ferrari et al. [9] showed that treatment of hypertensive patients with ARBs but not ACE-Is increase visfatin level. Additionally, Eyileten et al [10] observed decrease of circulating visfatin levels during ACE-Is therapy in patients with diabetic nephropathy. Therefore, we hypothesized that there is a link between RAA system activity and visfatin release. To verify this hypothesis we have applied a non-invasive model of dietary sodium restriction to study the effect RAA system activation.
The aim of the present study was the assessment of the effect of dietary sodium restriction with RAA system activation on visfatin level in hypertensive and normotensive patients with visceral obesity.
Material and Methods

Study subjects
Study included 24 hypertensive patients (12 women) with visceral obesity and 22 normotensive subjects with visceral obesity (11 women) as the control group in similar age, matched for gender. Patients characteristics is presented in Table 1 . In all hypertensive subjects the antihypertensive drugs were discontinued 7 days before the beginning of study. Only in patients with blood pressure > 160/100 mm Hg the calcium channel antagonist (Nitrendipine) was used.
The exclusion criteria were as follows: chronic kidney disease (eGFR-MDRD < 60 ml/min/1.73m
2 ) or liver disease, thyroid disease, diabetes, neoplasm, infections, heart failure (NYHA III or IV), RR≥ 180/110 mm Hg, pregnancy and age < 18 years old. Secondary forms of hypertension were excluded based on careful clinical and laboratory workup. Hypertension was defined according WHO criteria (RR ≥ 140/90 mm Hg or using hypertensive drugs). Visceral obesity was scored according EGIR 1999 criteria (waist circumference in men ≥ 94 cm and in women ≥ 80 cm). In all subjects blood samples for assessment of plasma renin activity (PRA), plasma insulin, aldosterone, adiponectin and visfatin levels were withdrawn twice during the morning: on normal-salt diet and overnight 6-8 hours recumbence and after 3 days of sodium restriction (to 30 mmol/day) in the diet and upright position for 2 hours. Additionally, 24 hours urine collection and 24 hours arterial blood pressure measurement (ABPM) were performed twice in patients on normal-salt diet (before restriction) and 3 days after dietary sodium restriction.
Study protocol
Before salt restriction anthropometric measurements were performed for calculation of body mass index (BMI), waist to hip ratio (WHR) and venous blood was withdrawn for the assessment of serum creatinine, lipids profile (total cholesterol, HDL, LDL and triglycerides), glucose and C-reactive protein (CRP). Additionally, densitometry (DEXA) of total body for assessment of fat mass was performed in each study subject.
Biochemical examination
Plasma samples in aliquots for estimation of PRA, insulin, aldosterone and visfatin levels were frozen and stored in -40 o C. RIA method was used for estimation of PRA (Immunotech, Prague, Czech Republic), plasma aldosterone (Zen Tech, Angleur, Belgium). Plasma levels of visfatin (Phoenix Pharmaceuticals, Burlingame, USA) were assessed by ELISA method. Plasma insulin level was assessed by electrochemiluminescence method using kits from ROCHE Diagnostics (Mannheim, Germany).
Homeostasis model assessment insulin resistance index (HOMA-IR) was calculated according to the formula: fasting plasma glucose concentration [mmol/l] x fasting plasma insulin concentration 
Measurement of body composition by DEXA
Body composition was measured by dual-energy X-ray absorptiometry (DEXA) using Lunar DPX-L scanner (Lunar Radiation Corporation, USA). This method allows to assess the total fat mass (TFM) and fat mass of the trunk (TTM).
Statistical analysis
Statistical analysis was performed using Statistica 9.0 PL software. The data were presented as mean values and 95% confidence intervals. The χ 2 test (qualitative variables) and ANOVA, followed by Tukey's test (quantitative variables) were used. Correlation coefficient was calculated according to Pearson. In all analyses statistical significance was considered achieved at a value of p<0.05.
Results
Both groups of subjects with visceral obesity were comparable in the aspect of parameters describing obesity and visceral obesity (waist circumference, BMI and body fat percentage, trunk fat percentage) - Table 1 . Hypertensive patients were characterized by significantly higher insulin levels and PRA. Subjects with insulin resistance (HOMA-IR > 2,29 [11] ) were more frequent among hypertensive patients, however the difference was not statistically significant.
Plasma visfatin level was significantly (p<0.05) increased in hypertensive group than in normotensives (Figure 1) . Similar visfatin values were observed in males and females in both study groups [11.3 ng/ml (6.6-15.9) vs. 10.7 (7.9-13.5) in hypertensive group and 7.6 (6.2-8.9) ng/ml vs. 6.0 (5.1-6.9) ng/ml in normotensive group, respectively].
As expected, dietary sodium restriction verified by its urinary excretion measurement and upright position caused significant increase of PRA and plasma aldosterone concentration in both study groups (Table 2) . Plasma visfatin levels remained unaffected by dietary sodium restriction and upright position in both study groups as well as in the combined group.
Univariate correlation analyses
In the combined group of patients with visceral obesity plasma visfatin levels correlated significantly with BMI (r=0.398, p=0.02), waist circumference (r=0.391, p=0.02), but not with total fat mass, percentage of fat mass, percentage of trunk fat, and blood pressure values. Additionally, there were positive correlations with serum concentration of glucose (r=0.328, Rotkegel/Chudek/Spiechowicz-Zaton/Ficek/Adamczak/Wiecek: Visfatin in Hypertension and Obesity p<0,05), insulin (r=0.663, p<0.001), HOMA-IR (r=0.698, p<0.001), triglycerides (r=0.500, p=0.002) and CRP (r=0.546, p<0.001). There was no correlation between plasma visfatin concentration and both PRA and serum aldosteron levels.
Discussion
In the present study we have found the significantly increased plasma visfatin level in hypertensive patients regardless of nutritional status. Until now there are only few published studies, analyzing visfatin levels in hypertensive patients. In the study by Dogru et al [12] enrolling 33 young men with untreated hypertension without obesity, higher plasma visfatin concentration by 10% than in the control group was found. The authors did not show the correlation between plasma visfatin level and blood pressure values. Recently Gunes et al [13] have demonstrated significantly higher plasma visfatin levels even in prehypertensive subjects (120-130/80-89 mmHg) than in normotensive participants and further increase of serum visfatin levels in patients in stage 1 and in stage 2 of hypertension. They showed a significantly positive correlation between plasma visfatin concentration and both systolic and diastolic BP values. In our study the analysis of plasma visfatin levels in relation to the stages of hypertension was not possible, as the group was homogenous, consisting almost exclusively of patients in stage 1 of hypertension.
The results of our study suggest that visfatin may participate in the development of hypertension in patients with visceral obesity. Unfortunately, a potential link connecting the increased circulating visfatin levels with mechanisms involved in the pathogenesis of hypertension remains unclear. Moreover the association do not show the causality. Therefore, both hypotheses, assuming the role of visfatin in the pathogenesis of hypertension and stating that its increased level is the consequence of disturbed metabolic or endocrine pathways are possible. Increased visfatin level in hypertensive patients may be associated with insulin resistance, frequent in this clinical condition. The simple link between circulating level of visfatin and insulin resistance is difficult to be established. Increased circulating visfatin levels in the obese may be one of the compensatory mechanisms at the early stage of insulin resistance development. Visfatin also stimulates production and release of proinflammatory cytokines by monocytes and macrophages, such as tumor necrosis factor alpha (TNFα) and interleukin-6 (Il-6). These cytokines are involved in the pathogenesis of insulin resistance [3] . Table 2 . Influence of dietary sodium restriction on natriuresis, plasma renin activity, plasma aldosterone and visfatin level in hypertensive and normotensive subjects with visceral obesity (mean values and 95% confidence intervals). I -before dietary sodium restriction, II -after dietary sodium restriction.
Rotkegel/Chudek/Spiechowicz-Zaton/Ficek/Adamczak/Wiecek: Visfatin in Hypertension and Obesity
In the present study we found the correlation between plasma visfatin concentration and nutritional status indicators, e.g. BMI and waist circumference in combined group of subjects with visceral obesity. First reports showing the correlation between serum visfatin level and visceral adipose tissue originated from Fukuhara study in vitro [14] . The majority of in vivo studies confirmed the existence of correlation between plasma visfatin concentration and BMI [15, 16] . Consistently with previous studies [17, 18] , we have also found the correlation between plasma visfatin level and insulin resistance indicators, e.g. HOMA-IR, serum concentration of glucose and insulin.
It's known, that patients with hypertension are characterized by features of systemic inflammation like increase of serum concentration of CRP, s-ICAM and MCP. Moreover, the newest studies indicate, that the increase of serum CRP levels precedes the development of hypertension [19] . These observations suggest, that CRP action on blood vessel or tubular cells may lead to vessel contraction, sodium retention and development of hypertension [20] . In the present study, consistently with previous reports, we have also found the correlation between CRP and plasma visfatin concentration. These results indicate that circulating visfatin may reflect inflammation status.
Moreover, all the above mentioned mechanisms (insulin resistance, chronic inflammation status and increased plasma adipokin levels: leptin, resistin and visfatin) lead to endothelium dysfunction, which plays also important role in pathogenesis of hypertension. Harmful effect of circulating visfatin on endothelium function manifests itself by increase of NF-kB activity, production of proinflammatory cytokines (Il-6, Il-8 and TNF-α) and adhesive molecules (ICAM-1, VCAM-1 and E-selectin) [21] .
Until now no study directly evaluating plasma visfatin concentration in relation to the activation of RAA system was published. In few studies the effect of pharmacological blockade of RAA system on plasma visfatin level was described [8] [9] [10] . In the first study both the angiotensin converting enzyme inhibitors (ACE-Is) and angiotensin II receptor AT1 inhibitors use was followed by the increase of visfatin secretion from endothelial cells, adipocytes and myocytes [8] . However, results obtained in further studies weren't so clear. Ferrari et al [9] showed the increase in plasma visfatin concentration after treatment with angiotensin II receptor AT 1 inhibitors, but not after using ACE-Is in 288 hypertensive patients. Contrary Eyileten et al [10] have showed the decrease of plasma visfatin concentration after treatment with ACE-Is in patients with diabetic nephropathy. The reason for the observed discrepancies is unclear. Regardless of the existing confusing data, our study suggests that differences in RAA activity in hypertension do not explain why visfatin level is increased in patients with hypertension and visceral obesity.
Dietary sodium restriction and upright position causes also activation of the sympathetic nervous system, that stimulates both RAA system and β-adrenergic receptors in adipose tissue [22, 23] . Yet the influence of sympathetic nervous system activation on visfatin release has not been studied. The obtained in this study data suggest that the activation of sympathetic nervous system has no effect on plasma visfatin level, or alternatively antagonistic to RAA system activation effect. As we did not assess its activity the verification of these hypotheses in not possible. It should be stressed that microneurography is the most accurate method of the sympathetic nervous system activity assessment [24] . However, this method is not easily accessible. Whereas, the evaluation of catecholamines levels or their metabolites in serum or in urine has significant limitations. First, circulating noradrenaline represents only a small fraction (5-10%) of the amount of neurotransmitter secreted from nerve terminals. Second, it is influenced, in addition to the level of sympathetic neural outflow, by prejunctional modulation of neurotransmitter release and uptake, as well as the clearance and metabolism. Moreover, plasma measurements do not allow for discrimination between central and peripheral mechanisms of increased levels of noradrenaline. Third, plasma measurements do not take into consideration profound regional differences in the activity and control of sympathetic function. Other methods for evaluation of sympathetic nervous system activity are still the heart rate variability (based on long-term ECG recordings) and the baroreflex sensitivity [25] .
There are several limitations of our study. As mentioned above it is the lack of evaluation of sympathetic nervous system activity. Additionally, in some patients the discontinuation of hypertensive drugs wasn't possible, and calcium channel antagonists were maintained. It could influence plasma adipokines concentrations, RAA system activity and especially blood pressure values. This may explain why we did not showed the correlation between plasma visfatin levels and BP values.
Conclusion
The results of present study suggest that 1) Increased plasma visfatin concentration may play a significant role in the pathogenesis of hypertension in patients with visceral obesity 2) RAA system activation by dietary sodium restriction and upright position has no effect on plasma visfatin levels in subjects with visceral obesity.
